So far, in total 15 double neutron star systems (DNSs) with a reliable measurement of the total gravitational mass (MT) have been detected in the Galaxy. In this work we study the distribution of MT. The data prefer the double Gaussian distribution over a single Gaussian distribution and the low and high mass populations center at MT ∼ 2.58M and ∼ 2.72M , respectively. The progenitor stars of GW170817 have a MT = 2.74 +0.04 −0.01 M , falling into the high mass population. With a local neutron star merger rate of ∼ 10 3 Gpc −3 yr −1 , supposing the MT of those merging neutron stars also follow the double Gaussian distribution, the upcoming runs of the advanced LIGO/Virgo will soon detect some events with a MT 2.6M that can effectively probe the equation of state of the neutron stars and the distribution function is expected to be reliably reconstructed in the next decade.
I. INTRODUCTION
In the Galaxy, so far there are sixteen double neutron star (DNS) systems have been detected [1] [2] [3] . Among them, two binary systems (PSR B1913+16 and PSR J0737-3039) have provided strong indirect evidence that gravitational radiation exists and is indeed correctly described by general relativity since the decay of these two orbits are at exactly the rates predicted by Einstein's general theory of relativity [4, 5] . Due to the non-ignorable gravitational wave radiation, some binary neutron stars will finally merger with each other. For instance the double pulsar system PSR J0737-3039 has a merger timescale of τ gw = 85 Myr, much shorter than the Hubble time [6] . The coalescence of DNSs inevitably produces an energetic burst of gravitational radiation, which is one of the most promising targets for current and the proposed future gravitational wave detectors [7] . The successful detection of GW170817, a gravitational event powered by the merger of binary NSs at a redshift of 0.0097, by advanced LIGO/Virgo directly confirms such a longstanding speculation [8] . The gravitational wave data yield a total gravitational mass of M T = 2.74 +0.04 −0.01 M and favor the equation of states that predict compact neutron stars [8] . The electromagnetic counterpart observation data of GW170817 favors the quick collapse of the merger remnant into a black hole. With the data of GW170817 and the mass-shedding limit assumption, very tight constraint M max < 2.17M [9, 10] has been reported, where M max is the maximum gravitational mass of the non-rotating NS. Ma et al. [11] show that the constraints however can be significantly loosened if the angular momentum is much lower than the Keplerian value (i.e., j ≤ 0.8j Kep ). Nevertheless, some specific equation of state (EoS) models, such as MPA1 and APR3, have been ruled out because the required j/j Kep to form a black hole is too low to be realistic. These authors also demonstrate that the DNS mergers with a M T ≤ 2.6M will shed valuable light on both the EoS model and the angular momentum of the remnants. Motivated additionally by the fact that advanced LIGO/Virgo usually give a much more accurate M T than the masses of the individual NSs, in this work we study the distribution of M T , which is different from the previous literature [e.g. [12] [13] [14] [15] that focus on the mass distribution of individual NSs.
II. THE SAMPLE
We refer the readers to for instance Lattimer [1] andÖzel et al. [14] for the methods of measuring the mass of the neutron stars. In this work, for a given DNS system, we take the neutron star masses from the latest literature. As summarized in Table 1 , so far we have in total 15 DNS systems which have a reliably measured M T . We also list the individual mass or limit, where M p and M c are the gravitational mass of the pulsar and the companion, respectively. The error bars represent the measurement uncertainty with 1σ gaussian fluctuation. Usually, M T is measured much more precisely than both M p and M c . 
III. THE DISTRIBUTION OF THE TOTAL GRAVITATIONAL MASS OF THE GALACTIC DNS SYSTEMS

A. Modeling
For the ten DNS systems summarized in Lattimer [1] , Fan et al. [30] noticed that five systems have a M T 2.6M , and then adopted such a value to estimate the M max under the assumption that the central engines of some short gamma-ray bursts with peculiar X-ray afterglow emission were supramassive NSs. With the current extended sample, we have seven DNS systems with M T 2.6M . Among them, J1411+2551 has the lowest total mass, i.e., M T = 2.538 ± 0.022M , plausibly indicating a cutoff at ∼ 2.5M . Fig.1 shows the histogram of the M T distribution, there seems one peak at M T ∼ 2.55 − 2.60M , and the other at M T ∼ 2.70 − 2.75M . In the literature, the mass distribution of individual NS is usually assumed to be Gaussian [14, 15] . In this work we follow such assumptions. To probe possible structure in the M T distribution, below we fit the data with a Gaussian distribution model and a double Gaussian distribution model, respectively. Note that such an approach is partially for simplicity (for example, one may also reproduce the data with a double Gaussian distribution plus an almost constant component in the mass range of 2.5 − 2.9M , for which three free parameters are further introduced. With the relatively small sample, the constraints on these parameters are expected to be less tight). The probability distribution function of Gaussian distribution model is given by
and for the double Gaussian distribution model we have
where
represent the mean and the variance of a Gaussian mass distribution, respectively, and C is defined as a weight of the first component. In our fitting, the maximum likelihood estimate (MLE) method is adopted and the uncertainties of the measured M T have been taken into account. The best fit results are shown in Fig.1 and the corresponding parameters are (M 0 , σ 0 ) = (2.67, 0.10), (M 1 , σ 1 ) = (2.58, 0.01), (M 2 , σ 2 ) = (2.72, 0.08), and C = 0.40.
To evaluate the significance of the presence of a structure in the M T distribution (i.e., it consists of double Gaussian components rather than a single Gaussian component) we adopt the generalized likelihood ratio test that is widely used in hypothesis testing. Our null hypothesis is the single Gaussian distribution, and the alternative hypothesis is a double Gaussian M T distribution. We construct the likelihood ratio first, as the mass measurement of each neutron star is independent of others. The likelihood function is simply the product of probability for each independent measured total mass, i.e., where M i , σ i are the fitting parameters, M represents the model we used, and x j represents the data. And the likelihood ratio in our work is defined as the ratio of the likelihood functions for two different hypotheses
where x i represents the M T of one given DNS binary, H 0 and H 1 represent the null hypothesis and the alternative hypothesis, respectively. M and σ are determined by maximum likelihood method. For our current data, we have Λ = 0.011, which disfavors the null hypothesis and supports the double Gaussian distribution model. Furthermore, the test statistics −2 ln Λ here should follow the χ 2 distribution with three degrees of freedom [31] . We calculate the probability of the statistics, which is 97%, corresponding to a significance level that is above 2σ, suggesting that the double Gaussian distribution model is much more consistent with the data than the single Gaussian distribution model.
IV. THE PROSPECT OF TESTING A DOUBLE GAUSSIAN DISTRIBUTION OF MT WITH ADVANCED LIGO/VIRGO
The advanced LIGO/Virgo detectors can detect the gravitational wave radiation from double neutron star mergers within a typical distance D ∼ 220 Mpc at its designed sensitivity [33] . With a DNS merger rate R ∼ 10 3 Gpc −3 yr −1 , as inferred from both the current gravitational wave data [8] and the local short GRB data [34] , the detection rate of DNS mergers is thus R gw = 4πD 3 R/3 ∼ 45 yr −1 (R/10 3 Gpc −3 yr −1 ). Therefore, in the next decade hundreds of DNS mergers will be detected and some of them will have accurately measured M T , with which the bimodal distribution shown in the current Galactic DNS sample can be reliably tested. As a projection, we have simulated a group of DNS merger events and examine how robust a double Gaussian distribution of M T can be re-constructed.
We combined the simulated data with 15 DNS systems in the Galaxy and the event GW170817, and the results are reported in Fig.2 . With ∼ 100 DNS merger events detected in the future, a double Gaussian distribution of M T can be unambiguously determined if the cosmological merging events indeed follow the total mass distribution of the Galactic DNS systems. Such an assumption may be reasonable since the merger timescale (i.e., τ gw ) is not sensitively dependent of the masses of the neutron stars in the binary (note that the distributions of M p , M c and M T are actually narrow). This speculation is directly supported by the merger timescales of 13 DNS systems in the Galaxy. As shown in Fig.3 , we have τ gw ∼ 10 8 − 10 12 years, which spans in a huge range and the correlation coefficient is just 0.027, which indicates no sensitive correlation between τ gw and M T . The prospect to reliably re-construct the MT distribution with a group of additional DNS merger events detected by advanced LIGO/Virgo, supposing these cosmological events follow the distribution shown in the blue line in Fig.1 .
V. DISCUSSION AND SUMMARY
Up to now, sixteen double neutron star systems have been detected and 15 of them have a reliable measurement of the total gravitational mass (M T ). These data favor the double Gaussian distribution over a single Gaussian distribution. The best fit results are (M T , σ) = (2.58, 0.01)M and (2.72, 0.08)M for the low and high mass populations, respectively. The interpretation of a bimodal distribution of M T is somewhat challenging. One possibility is that these two populations of binary systems have suffer from different material accretion. For instance the progenitors of the low mass population may die almost simultaneously and the material accretion from the companion star is ignorable, while for the high mass population the death of the progenitor stars were separated and the accretion is essential. The other potential possibility is that the progenitor stars of these two populations of the DNSs have different stellar metallicities. Fryer et al. [32] carried out the population synthesis investigation of the double neutron star binaries for two metallicities, including Z = 0.02 (i.e., the solar composition) and Z = 0.002 (i.e., the low metallicity model), and found out that the low metallicity model did produce more massive neutron stars than in the solar composition scenario. Though the underlying physics/astrophysics is still to be better understood, the presence of structure in the M T distribution can be directly tested in the next decade. Interestingly, the progenitor stars of GW170817, the first gravitational wave event powered by the merger of double neutron stars, have a M T ≈ 2.74 M , which is a member of the high mass population. If the cosmological systems of the merging neutron stars also follow the M T distribution found in this work, the upcoming O3 and the full-sensitivity runs of the advanced LIGO/Virgo will detect some events with a M T 2.6M . As shown in Ma et al. [11] the statistical study of these events would shed valuable light on possible significant rotational kinetic energy loss via high frequency gravitational waves and thermal neutrinos if supramassive neutron stars are absent. If instead some of the remnants are found to be supramassive neutron stars or even stable neutron stars, the maximal mass of the non-rotating neutron stars can be reasonably inferred. With a high neutron star merger rate (R ∼ 10 3 Gpc −3 yr −1 ) inferred from both the gravitational wave observations and the local short GRB data, the advanced LIGO/Virgo will also unambiguously test whether a double Gaussian distribution model of M T is "universal" or not (or in a more general way, the M T is structured or not).
